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ABSTRACT
Proper synaptic organization contributes crucial role in generating proper neuronal output.  This article reviews a 
series of experiments aimed at investigating mechanism of formation of proper synaptic organization in cerebellar 
Purkinje cell (PC).  Maturated PC receives two types of excitatory inputs, parallel fibers (PF) and climbing fiber, in 
segregated dendritic domain.  During developing period, PF synapses induce elongation of PC dendrites and move to 
the elongated portion, and CF translocates along PC dendrite after PF synapses.  PF and CF compete for spine to form 
synaptic contact and newly formed synapse is likely to be stabilized if it is to be proper.  Furthermore, occupation of 
spines by PF synapses prevents from multiply CF innervation on PC dendrites.  At adult, CF acts to maintain 
completed synaptic organization.  In addition, the molecular that involve in the stabilization of excitatory synapses on 
PC have been reported.
(Accepted December 22, 2008)











































































































































































































































































































































1． Shepherd G. M. ed. The synaptic organization of the brain 
5th ed. New York: Oxford Univ. Press; 2004.
2． 甘利俊一監修，古市貞一編．分子・細胞・シナプスからみる
脳．東京：東京大学出版会；2008．（シリーズ脳科学　5）
3． Spruston N, Stuart G, Hausser M. Dendritic integration. In: 
Stuart G, Spruston N, Hausser M, editors. Dendrites 2nd ed. 
New York: Oxford Univ. Press; 2008. p. 351-400.
4． Altman J, Bayer SA. Development of the cerebellar system: 
in relation to its evolution, structure, and functions. Boca 
Raton: CRC Press; 1997.
5． Palay S, Chan-Palay V. Cerebellar cortex. Cytology and 
organization. New York: Springer-Verlag; 1974.
6． Ichikawa R, Miyazaki T, Kano M, Hashikawa T, Tatsumi H, 
Sakimura K, Mishina M, Inoue Y, Watanabe M. Distal 
extension of climbing fiber territory and multiple 
innervation caused by aberrant wiring to adjacent spiny 
branchlets in cerebellar Purkinje cells lacking glutamate 
receptor delta 2. J. Neurosci 2002; 22: 8487-8503.
7． 市川量一，二宮孝文，辰巳治之，渡辺雅彦．総説：小脳プル
キンエ細胞とシナプス構築．顕微鏡 2008；43：296-299.
8． Larramendi LMH. Analysis of synaptogenesis in the 
cerebellum of the mouse. In: Llinas R, editor. Neurobiology 
of Cerebellar Evolution and Development. Chicago: 
American Medical Association / Education and Research 
Foundation Institute of Biomedical Research; 1969. p. 
803-843.
9． Sotelo C. Development of “Pinceaux” formations and 
dendritic translocation of climbing fibers during the 
acquisition of the balance between glutamatergic and 
gamma-aminobutyric acidergic inputs in developing 
Purkinje cells. J Comp Neurol 2008; 506: 240-262.
8． Morara S, van der Want JJ, de Weerd H, Provini L, Rosina 
A. Ultrastructural analysis of climbing fiber-Purkinje cell 
synaptogenesis in the rat cerebellum. Neuroscience 2001; 
108: 655-671.
9． Crepel F. Regression of functional synapses in the 
immature mammalian cerebellum. Trends Neurosci 1982; 5: 
266-269.
10． Hashimoto K, Kano M. Functional differentiation of 
multiple climbing fiber inputs during synapse elimination 
in the developing cerebellum. Neuron 2003; 38: 785-796.
13． Mariani J, Benoit P, Hoang MD, Thomson MA, Delhaye-
Bouchaud N. Extent of multiple innervation of cerebellar 
Purkinje cells by climbing fibers in adult X-irradiated rats. 
Comparison of different schedules of irradiation during the 
first postnatal week. Dev Brain Res 1990; 57: 63-70.
14． Sotelo C, Arsenio-Nunes ML. Development of Purkinje 
cells in absence of climbing fibers. Brain Res 1976; 111: 
289-295.
15． Chen S, Hillman DE. Plasticity of the parallel fiber-
Purkinje cell synapse by spine takeover and new synapse 
formation in the adult rat. Brain Res 1982; 240: 205-220.
16． Rossi F, Bravin M, Buffo A, Fronte M, Savio T, Strata P. 
Intrinsic properties and environmental factors in the 
regeneration of adult cerebellar axons. Prog Brain Res 
1997; 114: 283-296.
17． Strata P, Rossi F. Plasticity of the olivocerebellar pathway. 
Trends Neurosci 1998; 21: 407-413.
18． Sotelo C, Hillman DE, Zamora AJ, Llinas R. Climbing fiber 
deafferentation: its action on Purkinje cell dendritic spines. 
Brain Res 1975; 98: 574-581.
19． Cesa R, Strata P. Axonal and synaptic remodeling in the 
mature cerebellar cortex. Prog Brain Res 2005; 148: 45-56.
20． Miyazaki T, Hashimoto K, Shin HS, Kano M, Watanabe M. 
P/Q-type Ca2+ channel alpha1A regulates synaptic 
competition on developing cerebellar Purkinje cells. J 
Neurosci 2004; 24: 1734-1743.
21． Hashimoto K, Ichikawa R, Takechi H, Inoue Y, Aiba A, 
Sakimura K, Mishina M, Hashikawa T, Konnerth A, 
Watanabe M, Kano M. Roles of glutamate receptor delta 2 
subunit (GluRdelta 2) and metabotropic glutamate receptor 
subtype 1 (mGluR1) in climbing fiber synapse elimination 
during postnatal cerebellar development. J Neurosci 2001; 
21: 9701-9712.
22． Hashimoto K, Kano M. Postnatal development and synapse 
elimination of climbing fiber to Purkinje cell projection in 
the cerebellum. Neurosci Res 2005; 53: 221-228.
23． Fiala JC, Reconstruct : a free editor for serial section 
microscopy. J Microsc 2005; 218: 52-61.
別刷請求先：市川　量一
〒 060-8556 札幌市中央区南 1条西 17丁目
  札幌医科大学医学部解剖学第一講座
  TEL：011-611-2111（内線 2632）
  FAX：011-640-3002
